OBJECTIVE: This study aims to compare mid-long-term clinical outcomes between patients younger than 60 years of age undergoing bioprosthetic and mechanical aortic valve replacement.
INTRODUCTION
Aortic valve replacement (AVR) is commonly performed in patients younger than 60 years of age [1] . The 2012 EACTS guidelines for AVR recommend mechanical valves in patients younger than 60 years of age and bioprosthetic valves in patients older than 60, also in patients of any ages who are reluctant to receive lifelong anticoagulant therapy [2] . Structural valve deterioration (SVD) is the major disadvantage of bioprosthetic valves. However, bioprosthetic valves are associated with the improved durability and haemodynamic performance based on valve design and tissue processing, so many clinicians are considering bioprosthetic rather than mechanical valves for patients younger than 60 years of age undergoing AVR [3] . Bioprosthetic valves are implanted in 80% patients performed AVR in North America [4] .
Various studies have reported on the mortality and reoperations after implanting different types of prosthetic aortic valves, but few series that compared bioprosthetic and mechanical valves have evaluated the long-term outcomes, such as survival and freedom from reoperation in patients younger than 60 years of age. However, conflicting results have been reported [5] [6] [7] . Nevertheless, bioprosthetic valves for AVR in patients younger than 60 years of age remain controversial, and expected survival and freedom from reoperation have not been clearly determined for this subset of patients.
Medtronic Hancock II porcine bioprostheses have been used in our department since 2002. The objective of the retrospective propensity-matched study was to evaluate the mid-long-term clinical outcomes in young individuals treated with bioprosthetic versus mechanical aortic valves, and to see if the current trend towards implanting bioprosthetic valves into younger patients is justifiable.
PATIENTS AND METHODS
This retrospective cohort study reviewed patients who underwent AVR with Medtronic Hancock II porcine bioprostheses from January 2002 to December 2009 in our department. The inclusion criteria were as follows: age was less than 60 years old, isolated AVR or with concomitant procedures such as coronary artery bypass grafting (CABG) and mitral or tricuspid valve repair. The exclusion criteria were additional valve replacements and ascending or aortic root surgery. The control group included patients who underwent AVR with mechanical valves (St Jude Medical, ATS Medical) during the same period. In the setting of the study, we used propensitymatching to improve comparability and reduce selection bias.
Unless warfarin therapy was indicated for other reasons (atrial fibrillation), patients receiving a bioprosthetic valve received warfarin therapy for 3-6 months after valve replacements, whereas patients receiving a mechanical valve received warfarin therapy interminably. Warfarin therapy was managed to maintain an international normalizing ratio between 1.8 and 2.4.
Patient preference was the primary determinant of valve selection. Reasons for the selection of bioprosthetic valves were contraindication to anticoagulation (27.3%), non-compliance to anticoagulation (14.8%), desire for pregnancy (17.5%) and unknown (40.4%).
All patients were operated under general anaesthesia with cardiopulmonary bypass under moderate hypothermia. The 4 : 1 blood cardioplegia was used for myocardial protection from the left and right coronary artery perfusion. The diameters of prosthesis implanted are presented in Table 1 .
Adverse events were classified according to the standardized definitions from the Society of Thoracic Surgeons/American Association for Thoracic Surgery 'Guidelines for Reporting Morbidity and Cardiac Valvular Operations' [8] . The primary study end-points included overall survival and cardiac-related mortality. The secondary study end-points were valve-related reoperation, thromboembolic events and bleeding events. Thromboembolic events were diagnosed by clinical examinations, including stroke, transient ischaemic attack and non-cerebral embolic events. Bleeding events refer to major bleeding episodes requiring hospitalization or blood transfusion. Endpoints were classified as occurring early (in-hospital after implanting) and late (mid-long term after implanting).
Preoperative clinical characteristics, operation variables and postoperative in-hospital complications were acquired according to the medical records. Follow-up data were acquired through clinic re-examination and telephone interview. The follow-up was only 95.1% complete; the mean and median follow-up period was 104 ± 29 and 106 months (range: 54-153 months), respectively.
Propensity-matched cohort
We conducted a matched group analysis using propensitymatched cases (bioprosthetic valve) and controls (mechanical valve). Propensity was evaluated using logistic regression for bioprosthetic valves. Variables were selected based on literature review, differences between the two groups ( Table 2 ) and clinical judgement. Separate forward-stepwise regression analyses were conducted for each variable, including examinations for interaction effects. Any variable with a P < 0.15 was entered into the final model, which was an enter-method logistic regression. The final model consisted of 10 variables: age, gender, hypertension, diabetes, ejection fraction, type of aortic valve lesion (insufficiency, stenosis or mixed lesion), concomitant CABG, concomitant mitral valvuloplasty (MVP) or tricuspid valvuloplasty (TVP), New York Heart Association (NYHA) Class III or IV and crossclamp time (min). The resulting adjusted predicted probability score for each patient was then used to select matched pairs based on probability scores <0.01.
Statistical analysis
The Statistical Package for Social Sciences, version 19.0(SPSS) was used for data storage and analysis with P < 0.05 as the criterion for significance. Continuous variables are reported as the mean standard deviation and categorical variables as percentages. An intergroup comparison was conducted using the χ 2 test and Fisher's exact test for categorical and continuous variables, respectively. For the time-to-event analysis, survival, freedom from valve-related reoperation, anticoagulation-related bleeding events and thromboembolic events were analysed using the Kaplan-Meier analysis.
RESULTS
From January 2002 to December 2009, a total of 1972 patients underwent AVR in our centre, of which 1078 patients were younger than 60 years of age (bioprosthetic valves for 153 and mechanical valves for 925 patients). The base characteristics and operative characteristics of the overall cohort are presented in Table 2 . Patients receiving a bioprosthetic valve were older and had more hypertension, hypohepatia and diabetes. Patients receiving a mechanical prosthesis had a lower ejection fraction, longer perfusion time and longer cross-clamp time. There was a significant difference in the types of aortic valves more aortic valve insufficiency and less stenosis in patients receiving a bioprosthetic valve. More concomitant CABG was performed in the patients receiving a mechanical prosthesis.
The final propensity-matched group of this study consisted of 112 patients who received Medtronic Hancock II porcine bioprostheses and 112 patients who received mechanical aortic valves. The base characteristics and operative characteristics are listed in Table 2 .
After propensity-matching, no statistically significant differences were observed in the matched parameters between propensitymatched groups. The preoperative characteristics were substantially Data presented as mean ± standard deviation, % (n).
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Y. Wang et al. / Interactive CardioVascular and Thoracic Surgerysimilar regarding the proportion of age, gender, NYHA Class and ejection fraction. Both groups had similar disorder histories (hypertension, diabetes, lung disease, hypohepatia, renal insufficiency). The indications for surgery were not different between propensity-matched groups, aortic valve insufficiency patients [AVR with bioprosthetic valve (AVRb) versus AVR with mechanical valve (AVRm), 58 of 112 vs 57 of 112, respectively; P = 0.894] and aortic valve stenosis patients (AVRb versus AVRm, 22 of 112 vs 22 of 112, respectively; P = 1) in the AVRb group. Meanwhile, no difference was observed in the two groups between patients of mixed lesion (AVRb vs AVRm, 32 of 112 vs 33 of 112, respectively; P = 0.883).
The operative data showed no statistically significant differences in the perfusion time and cross-clamp time between propensity-matched groups. Twelve of 112 patients of AVRb group (10.8%) and 12 of 112 patients of AVRm group (10.8%) had undergone concomitant CABG (P = 1).
Early-term outcomes
Although there were some differences in early-term outcomes between Hancock II bioprostheses and mechanical valves groups for the overall cohort (Table 3) , the early outcomes did not significantly differ between propensity-matched groups (Table 3) . The hospital mortality was 3.6% (4 of 112) in AVRb group and 2.7% (3 of 112) in AVRm group (P = 0.700). Major complications also Data presented as mean ± standard deviation, % (n), or median. appeared as not statistically significant different: perivalvular peak (P = 0.316), reoperation for bleeding (P = 0.651), ventricular arrhythmias (P = 0.207), endocarditis (P = 0.316), multisystem organ failure (P = 0.651) and thromboembolism (P = 0.651).
Mid-long-term clinical outcomes: matched cohort
Thromboembolic events. A total of 12 thromboembolic events occurred during the follow-up period, of which 5 were in AVRb group and 7 were in AVRm group. By Kaplan-Meier analysis, the estimated freedom from thromboembolic events at 5 and 10 years was 98.1 and 94.3% in AVRb group, 98.0 and 91.0% in AVRm group, respectively (Fig. 1) . There was no statistically significant difference between propensity-matched groups (P = 0.528).
Bleeding events. A total of 11 major bleeding events occurred during the follow-up period, of which 3 were in AVRb group and 8 were in AVRm group. By Kaplan-Meier analysis, the estimated freedom from major bleeding event at 5 and 10 years was 98.1 and 96.9% in AVRb group, and the lower cumulative proportions were observed in AVRm group, which was 95.4 and 91.5%, respectively (Fig. 2) . However, there was no statistically significant difference between propensity-matched groups (P = 0.128).
Valve-related reoperations. There were 14 valve-related reoperations during the follow-up period, of which 9 were in AVRb group (6 SVD, 1 perivalvular leak and 2 endocarditis), 5 were in AVRm group (2 perivalvular leak, 2 endocarditis and 1 mechanical prosthetic valve dysfunction). By Kaplan-Meier analysis, the estimated freedom from valve-related reoperations at 5 and 10 years was 96.3 and 90.2% in AVRb group and 97.2 and 94.8% in AVRm group, respectively (Fig. 3) . Although, lower reoperation rate was observed at postoperative 10 years in AVRm group, there was no statistically significant difference between propensity-matched groups (P = 0.296).
Survival. A total of 21 deaths occurred during the follow-up
period. There were 11 deaths in the bioprosthetic group of which 8 were cardiac-related. In the mechanical group, there were 10 deaths of which 8 were cardiac-related. The influence of cardiac-related causes on late survival is most certainly higher for both groups (Table 4) . By Kaplan-Meier analysis, the estimated survival at 5 and 10 years was 96.3 and 88.7% in AVRb group and 96.3 and 87.9% in AVRm group, respectively (Fig. 4) . There was no statistically difference between propensity-matched groups (P = 0.860).
Mid-long-term clinical outcomes: overall cohort
The late outcomes for the overall cohort echoed those found in the matched cohort. A total of 84 deaths occurred during the follow-up period. There were 12 deaths in the bioprosthetic group of which 8 were cardiac-related. In the mechanical group there were 72 deaths; however, we failed to acquire causes of death in 19 patients (Table 4 ). There was no difference in 10-year survival for the mechanical and bioprosthetic groups in the overall cohort (P = 0.611), despite the fact that the mechanical group in the overall cohort had poorer early outcomes, such as longer hospital stays and higher incidence rate of ventricular arrhythmias. Although there was a trend towards increased bleeding events at follow-up in the mechanical group from the overall cohort, this did not reach statistical significance (P = 0.073), just as it had in the matched cohort comparison. However, 10-year freedom from reoperations favoured mechanical valves, but did not reach statistical significance (P = 0.132).
COMMENT
To minimize information and selection biases, we performed a propensity-matched study involving a large, contemporary, singlecentre cohort that underwent AVR with either the Hancock II bioprostheses or the mechanical valves (St Jude Medical, ATS Medical) in our department from January 2002 to December 2009. The present propensity-matched study included 224 patients younger than 60 years of age who underwent AVR. We compared patients with respect to early morality, complications, long-term survival, valve-related reoperations, anticoagulation-related bleeding and thromboembolic events.
The present study provides a contemporary opinion of early and mid-long-term outcomes with bioprosthetic versus mechanical valves for AVR in individuals younger than 60 years of age from a 
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Y. Wang et al. / Interactive CardioVascular and Thoracic Surgerylarge cardiovascular surgery centre in China. Several important findings stem from these results. Overall mortality was similar between patients who received bioprosthetic and mechanical valves. Both the groups had a high long-term overall survival with no difference. Incidence of valve-related reoperations was not significantly different between patients with bioprosthetic valves and those with mechanical valves in 10 years after implanting. Finally, there was a higher trend of anticoagulation-related bleeding events for patients with mechanical valve implanting.
Motives for implanting bioprosthetic valves
The current guidelines of AVR do not emphasize age as an absolute selection criterion for the decision regarding what type of valve prosthesis should be recommended for AVR. Sixty years is the threshold age where it is difficult to balance the risk of the anticoagulation therapy and the need for reoperations. However, because of excellent long-term durability of current bioprosthetic valves or a desire for a better quality of life or pregnancy, younger patients are willing to choose the bioprosthetic valves for AVR. In our study cohort, around one-fifth of patients chose bioprosthetic valves due to their desire for pregnancy and around one-third had contraindication to anticoagulation treatment. Both of these are the major reasons for Chinese patients to choose bioprosthetic valves and can remind the cardiovascular surgeons that once Chinese patients acquire more knowledge about the advantages of current bioprosthetic valves and recognize the risk of reoperations, more and more bioprosthetic valves will be utilized in China.
Mid-long-term survival and freedom from valve-related reoperations
Various studies have reported on the mortality and reoperations after implanting different types of prosthetic aortic valve, but only few were primarily concerned with the outcomes in younger patients. However, conflicting results have been reported. Several retrospective studies could not demonstrate differences in late survival when mechanical versus bioprosthetic valves were compared. A retrospective observational study from Weber [5] showed in a 10-year follow-up for a population of patients younger than 60 years of age undergoing AVR, those with mechanical valves had a survival advantage compared with matched patients who received stented pericardial tissue valves. However, a study by Ruel et al. [6] showed no difference in 10-year survival after mechanical AVR (80%) and bioprosthetic AVR (80%) in patients with the mean age of 47.6 years old. Oxenham et al. [7] reported an advantage of freedom from reoperation at 10-year follow-up for mechanical valves compared with bioprosthetic valves, but no advantage of survival.
On the basis of the results of the previous studies, Medtronic Hancock II offers 10-and 15-year survival ranging from 63 to 67 and 35 to 47%, respectively [9] [10] [11] [12] [13] . Valfrè et al. [9] reported outcomes after Hancock II stented bioprosthetic AVR in 517 patients younger than 60 years of age between 1983 and 1993, the 10-year survival was 69.4% and freedom from reoperations was 87.4%. Une et al. [14] focused on patients with the mean age of 49 years old undergoing Hancock II stented bioprosthetic AVR, the 10-year survival rate was 80.7% and freedom from reoperations was 91.4%. A study by Chan et al. [15] showed a lower 10-year survival rate (59%) and higher rate of freedom from reoperations (97%) in patients with the mean age of 73 years after implanting Hancock II stented bioprosthetic aortic valves. The result of our research has showed a higher 10-year survival (88.7%) than most of the other studies. We think the better outcomes may be due to the better preoperative conditions of our cohort, such as good cardiac function measured by ejection fraction (53 ± 17%). On the other hand, the mean age in our entire study cohort that chose bioprosthetic AVR was younger (50.3 ± 9.1 years), when age and cardiac function have been shown to be very important factors for life expectancy after AVR. All patients in our department who underwent bioprosthetic AVR have received Medtronic Hancock II porcine bioprostheses over the past 15 years. Compared with other types of bioprostheses, the results of our data showed Hancock II had a similar result of 10-year freedom from reoperations (90.2%). Chirst et al. [16] reported excellent clinical outcomes and durability of Edwards Prima Plus stentless bioprostheses in patients younger than 60 years of age with an overall actuarial survival rate of 71.8% and freedom from reoperation rate of 85.6% at 10 years after implanting. Forcillo et al. [17] recently reported outcomes after AVR with Carpentier-Edwards pericardial valves in 144 patients younger than 60 years of age. In these patients, 10-year survival rate was also 79% and freedom from reoperations was 84%.
Anticoagulation-related bleeding and thromboembolic events
The results of our study were consistent with prior reports [7, 18, 19] as we have shown a similar incidence of thromboembolic events between mechanical and bioprosthetic valves. However, thromboembolic events occurred less frequently in the overall cohort of our study (4.6%). This lower rate of freedom from thromboembolic events may be due to the fact that some risk factors of thromboembolic events are less common in patients of 60 years old or younger, such as coronary artery disease and atrial fibrillation.
Bleeding event is considered a major problem for mechanical valves. Previous randomized control studies [7, 18] and a recent retrospective study [19] showed a greater rate of bleeding events with the mechanical valve. In the study by Brown et al. [20] , the incidence of bleeding events at 10 years after valve replacements was significantly lower in patients who received bioprosthetic valves (6 vs 14%), and freedom from bleeding events was 98% at 10 years. Kulik et al.' research [19] also presented a higher 10-year freedom from bleeding events in middle-aged patients undergoing bioprosthetic AVRs, which was similar to our result (96.9%). However, Badhwar et al. [21] reported no difference of bleeding events between mechanical and bioprosthetic valves in their propensitymatched analysis for patients <65 years who had undergone AVR. Stassano et al. [22] performed a randomized control study of patients aged 55-70 years underwent AVR, which showed there was a similar incidence of bleeding events between mechanical and bioprosthetic valves group. We infer that the higher incidence of bleeding events occurred in these two studies may be related to older age of the patients in their research cohort as older patients were more likely to suffer from atrial fibrillation and transient ischaemic attack, which leads to constant anticoagulation treatment, even if they received bioprosthetic valves. But the exact number of such patients was not reported in their publications.
Study limitations
The present research was a retrospective, single-centre observational study as such is subject to limitations. Selection bias is a potential confounding factor. We tried to compensate for the bias in patient selection by propensity-matching patients with similar preoperative and operative conditions. Despite these efforts, as with any observational analysis, unmeasured confounders may have influenced the accuracy of the reported comparisons.
The follow-up was only 95.1% complete, which may result in underreporting of long-term complications. The follow-up time was limited, which may be suboptimal for the analysis of outcomes in a young patient population. Underestimations of late events (valve-related reoperations, anticoagulation-related bleeding and thromboembolic events) were possible. Specific to the questionnaire responses, recall bias may result in some degree of underestimation. In addition, we failed to obtain the data of proportion of the patients who underwent bioprosthetic valves replacement and received anticoagulant therapy all the time.
What makes China different from Europe or North America are the unique cultural, social and financial issues in China, it may impact the likelihood of Chinese patients to pursue a reoperation. Our study just reflected the feature of China.
Finally, there was no ideal and complete echocardiographic data to analyse the patient-prosthesis mismatch (PPM) during the follow-up period. However, longer, more complete and exact follow-up multicentre research is necessary to confirm our findings.
CONCLUSIONS
Among propensity-matched patients younger than 60 years of age who underwent AVRbs compared with mechanical valves, Hancock II bioprosthetic valve provided satisfactory mid-long-term clinical outcomes after implantation. There was no significant difference in mid-long-term survival. Bioprosthetic valves were associated with a lower risk of anticoagulation treatment and did not have a significantly greater likelihood of reoperation. These findings suggest that bioprosthetic valves may be a reasonable choice for AVR in patients younger than 60 years of age. Conflict of interest: none declared.
